Introduction. A knee injury, especially anterior cruciate ligament, has recently become more common significantly affecting the life standard. There are many factors that cause an injury of the anterior cruciate ligament, and one of them is limited range of motion in the hip joint. This study has been aimed at finding a relationship between the range of motion in the hip joint and the anterior cruciate ligament injury. Material and Methods. Of 88 male athletes included in the study sample in 2014, 60 (68%) had ruptured knee anterior cruciate ligament and 28 (32%) were without an injury. There was no significant difference in sex, height, weight, age and time of injury between the two groups. Results. Significant differences were found in the range of motion between the left and right leg in both groups. The athletes with a ruptured anterior cruciate ligament had an abduction limit of the hip joint (p=0.007) and a wider range of motion of the knee joint (p=0.002) than the athletes without the injury. Conclusion. Data obtained in this study suggest a possible relationship between a limited hip abduction of range of motion in athletes and an increased risk of anterior cruciate ligament injury. Key words: Anterior Cruciate Ligament; Knee Injuries; Hip Joint; Range of Motion, Articular; Athletes; Athletic Injuries; Risk Factors; Age Factors; Sex Factors Sažetak Uvod. Povrede kolena, a naročito prednjeg ukrštenog ligamenta, dešavaju se sve češće poslednjih godina i značajno utiču na kvalitet života. Postoji veliki broj faktora koji utiču na povredu prednjeg ukrštenog ligamenta, a jedan od mogućih jeste ograničenje pokreta u zglobu kuka. Cilj našeg rada bio je pronaći povezanost obima pokreta u zgobu kuka sa kidanjem prednjeg ukrštenog ligamenta kolena. Materijal i metode. U ispitivanju, sprovedenom 2014. godine, učestvovalo je 88 ispitanika muškog pola, od toga 60 (68%) su bili sportisti sa pokidanim prednjim ukrštenim ligamentom kolena i 28 (32%) sportisti bez povrede. Između posmatranih grupa nije bilo značajne razlike prema polu, visini, težini, starosti i vremenu proteklom od povrede. Rezultati. Kod ispitanika obe grupe se uočavaju značajne razlike u obimu pokreta između leve i desne noge. Kod sportista sa pokidanim prednjim ukrštenim ligamentom postoji ograničenje odvođenja u zglobu kuka (p = 0,007) i veći obim pokreta u zglobu kolena (p = 0,002) u odnosu na sportiste bez povrede. Zaključak. Dobijeni podaci ukazuju na moguću povezanost ograničenja odvođenja u zglobu kuka sa kidanjem prednjeg ukršte-nog ligamenta. Ključne
Introduction
More than 400 million years of evolution of quadrupeds resulted in the human knee, which is the most complex of the joints of the human body. Its anatomy, which is almost perfect, enables the static as well as huge functional features that distinguish it from other joints [1] . Normal functioning of all its parts allows the harmony of movement, stability, orthograde posture and constant protection against injuries. A knee injury, especially of the anterior cruciate ligament (ACL), has become more frequent in recent years as a result of increased sport activity, work engagement and involvement in traffic accidents [1] . Because of the additional damage to the soft tissue and bony structures of the knee and early development of secondary degenerative changes, an injury of ACL is the "beginning of the end of the knee" [2] . These injuries are a significant epidemiological problem, especially because they usually occur to young people who are sport and work active [2] . The nature of ACL injuries is multifactorial and the risk factors are divided into external and internal, as well as into changing and unchanging factors. External factors include the environmental circumstances such as the type of surface, type of footwear, weather conditions and the type of sport [3] . The group of internal factors consists of anatomical fac-tors; then anthropometric differences between the sexes, height, weight, body mass index (BMI); hormonal influences, primarily the effect of estrogen on the incidence of the injury and the strength of the ligaments; static parameters, the size of the "Q" angle, i.e. the pelvis width being the most important; neuromuscular factors with a focus on the relationship of agonists and antagonists; biomechanical factors and, finally, a previous injury and the age of the patient as a potential risk factor [4] .
Identification of risk factors in ACL injury is an important step in the development of the injury prevention. The analysis of etiological factors is primarily aimed at defining their share in the incidence of the injury, but at the same time at defining the factors that can influence it in terms of prevention. Today there is no complete agreement on the most important factor that is the most accountable for ACL rupture [2] . Therefore, it is very important to assess the risk factors to reduce the incidence of the injury because this injury does not only restrict sports activity, but also affects the quality of life [5] . One of the possible causes of the frequent ACL injury is the difference in range of motion (ROM) of the hip and knee according to the studies of Tainaka et al. [6] and Gomes et al. [7] . The aim of our study is to determine the relationship between ACL injury and our patients' hip and knee ROM.
Material and Methods
Having been given the permission by the Ethics Committee of Clinical Center a prospective study was conducted at the Department of Orthopaedic Surgery and Traumatology. It included 60 male athletes with a torn ACL prior to the surgery in the time period from March 28 to July 10 2014 and 28 male athletes without an injury to ACL who agreed to participate in the study. The measurement was conducted within the first six months after the patients had suffered the injury. The patients who had refused to participate in the study as well as those who had reported previous injuries and diseases of the hip and knee were excluded from the study. The study included only men in order to exclude hormonal influences and hormonal differences between the sexes.
In the group of athletes with the torn ACL there were 60 men, whose average age was 24.86 years (15-46 years), average body weight was 82 kg (53-110 kg) and average height was 181 cm (155-203 cm). According to sport activities, the majority of them were football players (34), then handball players (10), volleyball players (5), basketball players (4) and other athletes (7) . Of the total number of athletes, 31 had the left knee injury, while 29 athletes had the right knee injury. The meniscus was damaged in 40% of athletes and the cartilage lesions were found in 10% of the athletes.
The control group of athletes with no torn ACL included 28 men, whose average age was 23.16 years (15-35), average weight and height was 81 kilograms (50-108 kg) and 181.16 cm (155-194 cm), respectively. There were 20 football players, 6 handball players and 2 athletes. The right leg was dominant in over 90% of the participants from both groups. According to the obtained data from the group of patients with ACL rupture and the control group, there were no significant differences in the average age, height, weight and dominant hand, so the two groups were comparable. The measurement was done on a flat surface using a standard goniometer, the values were expressed in degrees. The maximal movement of the hip joint (flexion, extension, external rotation, internal rotation, adduction, abduction) and knee (the active and passive knee extension test) was measured.
The hip joint flexion ( Figure 1A ) was measured while the participant was lying on his back with the maximally flexed leg at the hip joint to the body without the help of hands. The center of goniometer was placed in the region of the hip, the fixed part of goniometer was placed horizontally and the mobile part followed the movement of the thigh. The hip joint extension ( Figure 1B ) was measured while the participant was lying down on stomach, stretching out his legs.
The hip external rotation ( Figure 1C ) was measured when the center of goniometer was placed on the knee in the level of the shaft of the femur bone, the fixed part was in the level of the line connecting the hip joint while the dynamic part of goniometer followed the movement of the lower leg. The hip joint internal rotation ( Figure 2A ) was measured in the same way except that the lower leg rotated laterally.
The hip joint adduction ( Figure 2B ) was measured when the center of goniometer was set on the region of spina iliaca anterior superior, the fixed part was in the bispinal line while the dynamic part followed the upper leg. The hip joint abduction ( Figure 2C ) was measured in the same way; however, in this movement the participant moved the leg laterally, away from the body. The active knee extension test ( Figure 3A ) was done when the participant was lying on his back with the leg flexed at the hip at the angle of 90 degrees and stretching his lower leg in the knee joint to the maximum of his free will. The center of goniometer was placed in the region of the knee joint, the fixed part followed the axis of the thigh and the dynamic part of goniometer followed the lower leg. The passive knee extension test ( Figure 3B ) was done in a similar way, except that the examiner stretched out the lower leg of the participant while he rested and relaxed the muscles of the legs.
The Statistical Package for the Social Sciences (SPSS) version 19.0 for Windows was used in the analysis. The results are presented in tables expressed as mean values and standard deviations. In all comparisons, p<0.05 was considered a statistically significant difference.
Results
The comparison of the ROM between the left and right leg of the patients with a torn ACL revealed statistically significant differences in abduction and adduction of the hip (Table 1 ). The range of abduction was higher for the left leg (for 3±1 degree; p=0.0378), while the range of adduction was higher for the right leg (5 degrees; p=0.000). Statistically significant differences in the hip adduction between the left and right leg were observed in the control group of athletes without a torn ACL ( Table 2 ). The range of adduction was higher for the left leg (for 3±1 degree; p=0.005).
The comparison of the ROM of the hip and knee between the patients with ruptured ACL and the participants without injuries (Table 3 ) revealed statistically significant differences in the hip joint abduction as well as the active and passive knee extension. Abduction of the left and right hip in the injured athletes was smaller than abduction in the athletes without the injury (an average of 8 degrees; p=0.007). The injured athletes showed higher ROM during the active (average of 8 degrees; p=0.002) and passive knee extension (average of 6 degrees; p=0.003) than the athletes without an ACL injury.
Discussion
Anterior cruciate ligament injuries are injuries that are commonly found in athlete population. According to the available epidemiological data in the United States, it is estimated that the annual incidence of ACL injuries varies from 100,000 to 250,000 injuries, and more than 70% of these injuries happen to the population who engage in sports [9, 10] . In Vojvodina, which has about two million people, about 400 reconstructions of the ACL (2 reconstructions per 10,000 residents) are performed per year. As for the European countries, the most accurate data are those from Denmark, where three injuries happen to 10,000 residents per a year, the frequency of occurrence being higher among athletes [11] . These data are very similar to the data from the United States, where it is estimated that injuries occur in one out of every 3,000 people in the general population [9] . The reason for this epidemiological situation certainly lies in the fact that the number of participants in the sport is constantly growing on the global level. Sports activities are becoming an important part of modern life; however, more and more people spend their free time in recreation and entertainment. The number of men and women who become members of fitness and various sports clubs is increasing [12] . All this matches with the fact that a significant increase in injuries of ACL was recorded in last 10-15 years [13] .
Another reason for a higher incidence of knee and ACL injuries is the growing popularity of extreme sports such as snowboarding, skateboarding and extreme cycling [14] . However, in our country these sports still do not have a high number of fans. Since the most popular sports in our country are ball sports, the injuries of ACL are most common in football, basketball, handball and volleyball [3] .
An ACL injury is affected by a number of external and internal factors such as gender, condition of the knee joint, ground conditions, condition of surface, part of the training, the ranking of the competition [15, 16] . Many researchers have made an effort to find potential risk factors that can predispose towards injury of ACL [17, 18] . Detection of risk factors is essential for finding specific training programs in order to reduce the incidence of injury [10] . Hewett et al. [15] included contact with an opponent, the effect of wearing corsets on the knee and contact sports shoes with the ground in their study on the group of external factors. It is often thought that artificial surface is a reason for development of a large number of injuries [19] , but data from many studies do not support this statement because serious injuries occur on natural surfaces as well as on the parquet floor [19] .
Anterior cruciate ligament injuries are more common among women but since the proportion of men engaged in sport is higher, the number of injuries of ACL is much higher in males [17, 18, 20] . Measurements in our study were performed only in males due to a small number of women who were operated during this period and to avoid the influence of hormonal changes during the pre-ovulatory period as a potential confounding risk factor for an ACL injury. Gomes et al. [7] also performed measurements only in males in their research. Of 44 participants included in the study performed by Tainaka et al. [6] , 23 were men and 42 were women. Reurink et al. [21] included 50 participants in their research on injury of the biceps thighs, 46 men and 4 women.
In our study, the average age was 24.86 (ranging between 15 and 46 years), that being in accordance with the data from previous studies which suggest that knee injuries happen most frequently to men and women between the ages of 20 and 29 years [10] . There were 28 males, whose average age was 25.8±4.4 years, in the study done by Gomes et al. [7] . The average age of the participants in the study conducted by Reurink et al.
[21] was 28 years. The structure of sports that our patients were involved in has only confirmed earlier epidemiological studies (Swärd et al. [22] ), which recognize that intensive sports such as football and volleyball involving movements of rotation, valgus knee and anterior translation are risky and related to the occurrence of injuries of ACL.
Anatomical variations of the proximal tibia and intercondilar groove are considered to be risk factors in an ACL injury [23] . A statistically significant difference in the value of the posterior tibial slope was observed between the groups with and without torn ACL [24] . Tibial articular surfaces in the knee joint form, with the axis of the tibia, the angle of the posterior slope of the tibia of 7-10 degrees. A larger posterior tibial slope creates a larger anterior displacement of the tibia [25] . Since ACL is the main stabilizer of this motion, this results in its increased workload. This leads to increased internal rotation of tibia and greater acting force on the ACL [26] . Shelbourne et al. [27] observed the relationship between intercondilar groove and noncontact ACL injury and concluded that when the groove was 15 mm wide or less, there was a higher incidence of contralateral ACL tear than when it was 16 or more mm wide.
Anatomical variations are one of the risk factors for injuries of the ACL [28] . In the group of athletes with a torn ACL, significant differences can be observed in the range of abduction (p=0.037) and adduction (p=0.000) of the hip joint between the left and right leg. Adduction of the right leg is higher (3±2 degrees) than adduction of the left leg, while abduction is higher for the left leg (5±2 degrees).
In the control group consisting of athletes without an injury, there was a statistically significant difference only in adduction of the hip joint between the left and right leg. ROM of the left hip was usually by 3 ± 2 degrees (p = 0.005) wider than of the right hip, the probable reason being that the left leg was the jumping leg in most of our patients going in for jumping sports. Baltaci et al. [29] in their study compared the range of flexion of the left and right hip joint at different positions of the body and the results showed that there was a difference between the left and right leg depending on the flexibility of the muscles.
The comparison of the ROM in the controls and the patients with a torn ACL revealed statistically significant differences. The following statistically significant difference was observed in the range of hip abduction (p=0.007): ROM was smaller in the athletes with a ruptured ACL, i.e. the muscles of internal part of the thigh were less stretched, which could be a possible risk factor for ACL injury.
Hartig et al. [28] have reported that flexibility of posterior thigh muscles is very important in sports and that argument has been confirmed by the results of their research which shows that the number of injuries of the lower extremities decreases with proper and good flexibility of posterior thigh muscles. A statistically significant difference was observed in the active knee extension test (p=0.002) and in the passive knee extension test (p=0.003), where the patients with torn ACL had wider ROM showing a good muscle flexibility of posteior part of thigh. Tainaka et al. [6] found a limit in the external and internal rotation of the hip joint in the athletes with noncontact ACL rupture. In their study they compared the ROM of the hip joint between the group of 44 athletes with torn ACL and the control group of 123 athletes without injury of ACL. They have observed that the risk of rupture is rapidly increasing with a decrease in ROM, in external and internal rotation of the hip. Gomes et al. [7] measured the ROM of the hip joint and the connection with the re-tearing the ACL where limited external and internal rotation of the hip joint was determined.
In our study no statistically significant difference was found in the external and internal rotation of the hip joint between the athletes without injuries and those with a torn ACL. A possible cause for different results is that our participants had higher average body weight (82kg), height (181cm) and possibly different motives to participate in the study.
Limitations of this study is that it did not include all patients with torn ACL who were in hospital during the study and we did not have an magnetic resonance imagfing or X-ray of the hip and knee joint of each patient we measured. The biggest limitation of this study is that this kind of measuring the patients is a completely subjective method so its results can be significantly affected by the will and motivation of examinees and examiners.
Conclusion
According to the results of this study, there is a statistically significant difference in the range of motion of the hip and knee joint between the athletes with a torn anterior cruciate ligament and those without an injury. The athletes with a torn anterior cruciate ligament were found to have a wider range of motion for active and passive knee extension (greater muscle flexibility of posterior part of thigh) and abduction limit of the hip joint. These results suggest a possible connection between an anterior cruciate ligament injury and the size of abduction of the hip joint. It is therefore necessary to increase the muscle flexibility of internal part of thigh during training time in order to increase the range of motion of abduction of leg so as to reduce the risk of anterior cruciate ligament injury.
